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Congenital mitral regurgitation due to
'posterior reinsertion' of chordae tendineae
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A rare type of congenital mitral regurgitation is presented for the first time as an isolated cardiac anomaly.
The malformation consists of a particular arrangement of the chordae tendineae of the posterior leaflet: the
chordae, leaving the free margin or the undersurface, insert into the latter once again. A definition of the
anomaly and a classification of all the chordal anomaliesfound in congenital mitral regurgitation are proposed.
The clinical picture is briefly reported.

Congenital mitral regurgitation is the consequence
of anomalies involving, individually or collectively,
the different components of the mitral valve, i.e. the
ostium, the leaflets, the chordae tendineae, and the
papillary muscles. Dilatation of the valve ring is
generally secondary to enlargement of the left ven-
tricle, the left atrium, or both, due to congenital
anomalies causing increased pressures in the left
cardiac chambers (Carney et al., I962; Keith, I962;
Flege, Vlad, and Ehrenhaft, I967; Easthope et al.,
I969). The leaflets may be absent (Kjellberg et al.,
I959; Malers et al., I960), hypoplastic (Carney
et al., I962; Flege et al., I967; Titus, I969), or
redundant (Raghib et al., I965; Titus, I969). A
cleft of varying depth (Schraft and Lisa, I950;
Campbell and Missen, I957; Wakai and Edwards,
I958; Edwards and Burchell, I958; Creech, Led-
better, and Reemtsma, I962; Hudson, I965; Flege
et al., I967; Titus, I969; Messmer, Halhman, and
Cooley, 1970) or several fenestrations (Keith, I962;
Flege et al., I967) may be present. The valve may
also show accessory leaflets (Carney et al., I962) or
subdivision into smaller cusps (Hudson, I965).
Titus (I969) refers to the absence of commissural
leaflet tissue, and Barillon, Grosgogeat, and Lenegre
(I962) describe the fusion of the cusps at the com-
missures. Duplication of the mitral orifice has been
reported several times (Schraft and Lisa, I950;
Prior, I953; Edwards and Burchell, I958; Wakai
and Edwards, 1958; Keith, I962; Rosenberg and
Roberts, I968).
A local absence of chordae is described by Flege

et al. (I967); an unspecified 'absence' is reported by
Easthope et al. (I969). Short chordae are described
by Edwards and Burchell (1958), Flege et al.

(I967), and Easthope et al. (I969), while Carney
et al. (I962) mention a shortening of the chordae so
extreme that the anterior leaflet inserted directly
into the papillary muscles. Chordae of abnormal
length are described by Raghib et al. (I965), Flege
et al. (I967), and Davachi, Moller, and Edwards
(I97I). Chordae may insert anomalously into the
ventricular wall (Malers et al., I960; Keith, I962;
Davachi et al., I97I) or into the opposite leaflet
(Edwards and Burchell, 1958).
The presence of a single papillary muscle (Shone

et al., I963; Terzaki et al., I968; Glancy et al.,
1971) or two papillary muscles very close together
(Davachi et al., I97I), into which the chordae
tendineae from both mitral leaflets insert are
described as 'parachute mitral valve'. Generally
this anomaly causes a stenosis, but it is sometimes
the cause of regurgitation (Glancy et al., I97I).
Another peculiar malformation consists of an arcade
formed by the papillary muscles and the anterior
leaflet, named by Layman and Edwards (I967)
'anomalous mitral arcade'. Hypoplasia and abnor-
mal position of papillary muscles have also been
mentioned (Moller et al., I964; Al Omeri et al.,
I965; Davachi et al., 197I).

Congenital mitral regurgitation is often asso-
ciated with other cardiac lesions. Some instances
form an integral part of more complex malforma-
tions, such as a cleft in the anterior leaflet, anoma-
lous insertion of the chordae or a duplication of the
valve orifice in the different grades of endocardial
cushion defect (Campbell and Missen, I957;
Edwards and Burchell, 1958; Wakai and Edwards,
1958; Al Omeri et al., I965; Rosenberg and Roberts,
I968). Others are a consequence of cardiac
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malformations, such as scarring of papillary muscles,
thickening and shortness of the chordae, abnormal
position of the papillary muscles, and dilatation of
the valve ring due to anomalous origin of the left
coronary artery from the pulmonary trunk (Noren
et al., I964; Messmer et al., I970; Davachi
et al., I971). Others yet are due to primary endo-
cardial fibroelastosis (Edwards and Burchell, I958;
Moller et al., I964; Messmer et al., I970), to endo-
cardial fibroelastosis secondary to aortic stenosis,
coarctation of the aorta (Moller et al., I964; East-
hope et al., I969; Messmer et al., I970), and per-
sistent ductus arteriosus (Linde and Adams, I959).
In Marfan's syndrome direct involvement of the
mitral valve may give rise to a lengthening of the
chordae or a redundancy of the leaflets with con-
sequent regurgitation (Raghib et al., I965).
The isolated form remains a very rare lesion,

though reports are becoming more frequent. In the
present study a most unusual type of isolated mal-
formation of the chordae tendineae is described.

Case report
The patient, a 58-year-old man, had served in- the Navy
for 36 years. In I966, at the age of 53, he began to de-
velop leg oedema, moderate dyspnoea, a postprandial
feeling of epigastric oppression, and a bitter taste in the
mouth. His family doctor diagnosed mitral insufficiency
and prescribed treatment with digitalis and diuretics.
In I969 the patient was admitted to a medical depart-
ment of Pisa University on account of worsening dys-
pnoea and the appearance of anasarca. The diagnosis was
mitral and tricuspid regurgitation with congestive heart
failure, for which digitalis and diuretics were given.
There was no history of rheumatic fever. A valve re-

placement was recommended, but was not carried out
because of increasing renal and hepatic insufficiency.
In 197I the patient was again admitted to hospital on
account of worsening of his symptoms, where, after
several episodes of ventricular fibrillation, he died.

Physical findings
The examination of the thorax revealed an enlarged
area of cardiac dullness with an apical pansystolic
murmur, a third sound, a low sternal pansystolic
murmur (intensified during inspiration), an ejection

murmur in the aortic area, and a splitting of the second
sound. Examination of the abdomen showed enlarge-
ment and tenderness of the liver, whose lower border was
4 cm below the right costal margin in the midclavicular
line, and enlargement of the spleen, with the upper limit
at the eighth intercostal space and the lower pole 4 cm
below the left costal margin during deep inspiration.

Laboratory findings
The electrocardiogram showed biventricular hyper-
trophy and left atrial enlargement. Cardiac catheteriza-
tion showed severe (grade 3/4) mitral and tricuspid
insufficiency, with pronounced pulmonary hypertension
(Table i). The bromsulphalein excretion was I2 per
cent at 30 minutes. The blood urea increased to i65 mg!
ioo ml. The plasma creatinine was I-95 mg/ioo ml, the
creatinine 5o mg/ioo ml, and the creatinine clearance
4I ml/min.

TABLE I Haemodynamic values (mmHg)

Systolic Mean Diastolic

Right atrium v 21 13
Right ventricle 87 - 15
Pulmonary artery 88 57 40
PA wedge v 28 22
Left ventricle 76 8
Aorta 75 46

Pathological findings
Necropsy revealed general cardiac enlargement with a

weight of 8oo g. The orifices of the atrioventricular,
aortic, and pulmonary valves were all dilated, and the
coronary sinus enlarged. The myocardium was hyper-
trophied, particularly in the right ventricle, in con-

sequence of long-standing pulmonary hypertension
(Table 2). The left atrial endocardium was strikingly
thickened and showed some evident 'jet lesions' (Fig.
I, 2). The endocardium of the right atrium and ventricle
and the leaflets of the tricuspid valve were also thickened
to a lesser degree. The most interesting changes in-
volved the posterior leaflet of the mitral valve: it was

c. 55 mm wide, c. 20 mm long, and c. 2 mm thick and
protruded into the atrium in the form of a flattened
hood (Fig. I, 2). While a few abnormally thick chordae

TABLE 2 Heart measurements (cm)

Wall thickness Valve circumference

found (normal*) found (normal*)

Right atrium 0-2 (0-1I{-2) Tricuspid I3.5 (12-0)
Left atrium 0-2 (0-I0-2) Pulmonary g-o ( 8 5)
Right ventricle i-o (o-20-3) Mitral I2.5 (I0-0)
Left ventricle I-5 (0o8-I o) Aortic 8-o ( 7 5)

* Saphir (I958).
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FIG. I General view of the opened left heart.

FIG. 2 Atrial surface of the posterior leaflet of the mitral valve. Note that its only complete
chordae are thickened and are inserted into either end of it, while in its central part only a few
thickened chordae are visible arising at or near its free edge and then bending upwards and
backwards. The fenestration near the free edge is an artefact. The endocardium of the left atrial
wall is thickened and rugose.

..



Congenital mitral regurgitation 523

FIG. 3 Ventricular surface of the posterior leaflet of the mitral valve: note the 'reinsertion'
of the chordae tendineae.

ran from the papillary muscles (normal in number and
situation) to either end ofthis leaflet, to insert into the free
margin or into the distal ventricular surface, the middle
three-fifths of the free margin appeared - from the
atrial aspect - devoid of chordae (Fig. I, 2). Examination
of the ventricular surface of the leaflet, however, re-
vealed numerous chordal structures so disposed that,
arising from the free margin or the undersurface, they
extended in a basal direction to insert into the clear
zone or into the basal zone of the ventricular surface
(Fig. 3). A few inserted into a slight linear thickening of
the endocardium of the posterior wall of the left ven-
tricle, just below the base of the leaflet. Except at their
ends, these anomalous chordae were free. There was no
macroscopical evidence of an inflammatory process
(Fig. 3). As a resalt of this chordal anomaly the valve
was regurgitant. Microscopical examination showed the
abnormal chordae tendineae to be composed of bundles
of avascular collagenous connective tissue; neither the
chordae nor the leaflet showed evidence of inflammation.
The anterior leaflet of the mitral valve showed thick-

ening only. No further abnormality was found in the
heart.

The lungs, liver, and spleen showed characteristic
changes of chronic passive congestion, while the other
organs were normal.

Discussion
From the gross and microscopical findings de-
scribed, it is concluded that the lesion represents a

congenital anomaly of the mitral valve, i.e. a par-
ticular form of the 'anomalous chordae tendineae'
type. There is only one similar case described

(Prior, 1953), in which, however, the chordae were
for the most part fused in an irregular mass and
'an interauricular septal defect was present at the
anterior margin of the fossa ovalis (ostium secun-
dum). The defect measured I-5 cm in diameter
and although it communicated with the left auricle,
it tended to be partially covered by a valve-like
structure on the left side.' Though in this case the
original description may suggest the possibility that
the atrial septal communication was simply a dilata-
tion of the fossa ovalis, originally the site of a
valvular patency, due to the enlargement of the left
atrium from chronic mitral regurgitation, never-
theless the mitral abnormality was not isolated. Both
patients survived into adult life - to 26 years in
Prior's case and to 58 years in the present one. The
pathogenesis of the lesion probably lies in an error
in the formation of the myocardial diverticula

TABLE 3 Chordal anomalies in congenital mitral
regurgitation

i) Absence
2) Abnormal length
3) Abnormal shortness
4) Anomalous insertion:

a) into the ventricular wall
b) into the other leaflet
c) posterior reinsertion
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during the early stages of development of the atrio-
ventricular valves (Odgers, I939). In view of the
peculiar way in which the chordae, after leaving
the leaflet, insert into it again, this rare anomaly may
properly be called 'posterior reinsertion of the
chordae tendineae'. It has been so identified in
Table 3, which attempts to classify the various
anomalies of the chordae tendineae encountered in
congenital mitral insufficiency.
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